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5. Potassium formate

6. Potassium propionate
7. Zycotherm

8. Lottman
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2. Electrochemical Impedance Spectroscopy
3. Video Contact Angle analysis system

4. Dipotassium succinate
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6. Sodium chloride

7. Calcium chloride

8. Calcium Magnesium Acetate

9. Potassium acetate

10. Semi-Circular Bending (SCB) test
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2. Tensile Strength Ratio
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4. Dynamic Shear Rheometer
5. Evonik
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1. Eutectic temperature



O 5 (FLLI) e Olesy

b S5 5 e 5 S G5

Eutectic

temperature 21 -27.5 -60
(°C)

Effective
temperature
Boiling
temperature
Melting
temperature
Concentration
(%)
Molecular
weight oA/XF 123.43 98.14
(g/mol)

-9 -7 -26

- 117.1 -

801 - 292

233 325 49

Table2. Properties of deicers
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Fig. 1. The visual appearance of deicers
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Test
temperat Standa Resu Limi .
Test ure rd test It ts Unit
cC)
Penetration 25 ASTM 70 - (0.Hm
D5 m
s ASTM >
Ductility 25 D113 o > 100 cm
Specific ASTM 3
gravity 25 D70 1.03 - gr/cm
Solubility in
. ASTM
trichloroethy - D2042 99.2 >99 %
lene
Loss of ASTM
heating ) pi7s4 073 008 %
Flash point ASTM o
(Cleveland) : I
Softening ASTM o
point . D36 49 . ¢
Penetration
index (PI) ] ] 0.14 ] ]
Tablel. Properties of base bitumen
Lasl:j@ Slasein ¥ Jgd>=
. Calcium Potassium
. . Sodium .
Specification chloride magnesium acetate
acetate (CMA) (KAc)
Chemical
formula NaCl CaMg,(CH;CO0)s KCH;COO
Specific
gravity @ 25 2.16 0.7-1 1.57
°C (gr/cm?)
PH 6.5-7 8-10 10-11.5

1. Rotational Viscometer
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No. Test Test method Limits Result
1 Flash point ASTM D92 >230 °C 304
2 Viscosity @ 135°C ASTM D4402 <3 Pa.s 0.31
3 DSR Test temperature 52 58 64 70 76 82
G*/sin 0 ASTM D7175 >1 kPa 2.4
Rolling Thin Film oven aged (ASTM 2872)
4 Maximum initial mass change ASTM D2872 <1 % 0.1
5 DSR Test temperature 52 58 64 70 76 82
G*/sin 0 ASTM D7175 >2.2 kPa 2.2
Pressure Aging Vessel aged (ASTM D6521- 100°C)
6 DSR Test temperature 4 7 10 13 16 19 22 25 28 31 34 37
G*xsin § ASTM D7175 <5000 kPa 3690
Test temperature 0 -6 -12 -18 -24 -30 36
7 BBR Stiffness (S) ASTM D6648 <300 MPa 101
m-value ASTM D6648 >0.3 0.31
Table 3. Rheological properties of base bitumen
s pllas SO 5 (S5d Slasin ¥ Jodr
Coarse Bu!k' Appa}' e.tnt Bu!k Appa.rent Uniaxial Uniaxial Modulus
specific specific specific specific . .
Los aggregate . . . . compressive compressive of Shear .
gravity gravity gravity gravity . . Poisson
Test angles water R R strength strength elasticity =~ modulus .
. (Coarse (Coarse (Fine (Fine ratio (v)
(%) absorption (Dry) (Wet)- (E (G) (GPa)
(%) aggregates) aggregates) aggregates) aggregates) (kg/em?) (kg/em?) )GPa)
(gr/ecm?) (gr/cm?) (gr/em?) (gr/em?)
AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO Ultrasonic ~ Ultrasonic ~ Ultrasonic
Standard " 194 TS5 TS5 TS5 T84 T84 ASTMCIT0 - ASTMCIT0 o fest fest
Result 23 0.83 2.7265 2.8175 2.794 2.934 933.8 813.4 60.97 22.65 0.346

Table 4. Physical and mechanical properties of aggregates

YA
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Fig. 4. Sample submerged in distilled water
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Fig. 5. Sample submerged in NaCl
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Fig. 6. Samples submerged in CMA
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Abstract

Road pavements are one of the most important assets of any country, and tremendous amounts of budgets
are allocated for their maintenance every year. Unexpected distresses in asphalt pavement cause many
financial losses. Winter maintenance of roads and infrastructures and the study of the effects of anti-icers
and deicers on the asphalt pavements have always been of interest to researchers, departments, and
agencies in the field of roads and transportation. As a contribution to this task, the present study was
conducted to evaluate the effect of Zycotherm on the fracture behavior of asphalt mixtures in the presence
of moisture and deicers. In order to achieve the research objectives, PG58-22 bitumen and siliceous
materials were used to prepare the asphalt mixture and also Zycotherm was used to modify the asphalt
binder. Data were collected by testing on laboratory samples. The asphalt mixture samples were
conditioned in the presence of distilled water and solutions of brine, calcium magnesium acetate, and
potassium acetate in their normal concentration for 96 hours at 60°C. Then, the fracture toughness of the
specimens at low temperatures (Ki.) and the critical strain energy release rate (J.) at intermediate
temperatures were measured by performing a semi-circular bending test (SCB). The results showed that
simulation of low-temperature environmental conditions in the vicinity of distilled water and all the deicers
reduces the fracture toughness of asphalt mixtures compared to the dry sample. Brine solution has the most
negative effect among all the deicers and reduces the K. parameter by approximately 30%. On the other
hand, Zycotherm maintains the fracture toughness of the asphalt mixture at low temperatures in the vicinity
of distilled water and deicers at an almost constant level and recovers about 70% of the lost fracture strength
of the sample conditioned in the brine solution. The effect of Zycotherm at intermediate temperature is
different and causes the softening of bitumen and the reduction of the critical fracture force and the
reduction of the critical strain energy release rate. This reduction is 34% and 32% for the dry sample and
the specimen in the presence of brine solution, and 23% and 12% for the samples in the presence of calcium
magnesium acetate and potassium acetate, respectively, compared to the sample made of neat bitumen.
Also, samples in the vicinity of distilled water and potassium acetate solution showed no significant change
in their critical strain energy release rate compared to samples in dry conditions. Visual inspection also
revealed that calcium magnesium acetate causes additional stress and cracking in the samples. In a general
summary and based on the obtained results, Zycotherm has a positive effect on the fracture toughness of
the asphalt mixture at low temperatures but reduces the J. parameter at intermediate temperatures. All
specimens have the minimum critical strain energy release rate recommended by ASTM D-8044 at
intermediate temperatures. Potassium acetate has no effect on the fracture toughness of asphalt mixtures at
low and medium temperatures and can be an appropriate alternative in comparison with other deicers in
winter road maintenance.

Key words: Deicer, SCB, Fracture toughness, Critical strain energy release rate, Zycotherm
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